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Title 

Wound closure and sealing device 
Field of the invention 

The present invention relates generally to medical sealing devices and methods for 
sealing a percutaneous puncture in a wall of a vessel in a patient. The invention relates 
particularly to a sealing device comprising at least one sealing element, which is 
adapted to be positioned against the vessel wall for sealing the puncture hole therein, 
and an elongated member extending in a tissue canal leading from the patient's skin to 
the puncture hole in the vessel wall, which elongated member comprises a 
haemostatic material. 

Background of the invention 

Several different types of devices and systems for sealing an opening or puncture in 
the wall of a blood vessel, duct or other lumen of a living being are known. So is, for 
example, a sealing device comprising a closure means adapted to be positioned 
against an inner surface of a vessel wall disclosed in US-4,744,364. This sealing 
device comprises further a retraction means, which is attached to the closure means 
and extends in an incision canal leading from a patient's skin to the puncture hole in 
the vessel wall. The retraction means, which can be in the form of a filament, holds 
the closure means in engagement with an inner surface of the vessel wall to thereby 
seal the puncture hole. 

US-5,620,461 shows another sealing device comprising a sealing element adapted to 
be positioned at an inner surface of a vessel wall, a thread-like member attached to the 
sealing element, and an arresting element, which can move along the thread-like 
member into engagement with an outer surface of the vessel wall. 

A common feature of the sealing devices disclosed in US-4,744,364 and 5,620,461, 
respectively, is that the actual sealing of a puncture hole in a vessel wall is 
accomplished from the inside of the vessel. Other sealing devices wherein the sealing 
mainly is accomplished from the inside of a vessel are disclosed in US patent 
6,508,828 as well as in US applications 09/836,529 and 10/280,086, which all are 
assigned to the present assignee. 



WO 2005/002451 



2 



PCT/SE2004/000938 



In US-5,282,827 a principally different solution is presented in that the sealing instead 
is performed at the outside of a vessel wall. Here, a sealing device comprises an 
anchor adapted to be positioned at an inner surface of a vessel wall, a compressed 
collagen plug, and a filament connecting the anchor and the collagen plug. In use, the 
collagen plug is expelled from a carrier and is moved into engagement with the 
outside of the vessel wall, while the filament is left in a tract leading to the puncture 
hole. 

Other devices, such as the devices disclosed in US-5,342,393 and EP-474,752-B2, 
respectively, rely on the combination of an inner member and an outer member to seal 
a puncture hole in a vessel wall. In this case, the sealing is achieved by clamping 
together the inner and other members, with the vessel wall being disposed 
therebetween. 

US-6,325,789 proposes another method for sealing a puncture hole in a vessel wall. 
According to this invention, a charge of haemostatic material, which can include 
collagen, fibrin glue or thrombin, is placed in a tissue canal leading to the puncture 
hole in the vessel wall. In contrast to, for example, the device disclosed in the above- 
mentioned US-5,282,827, the haemostatic material performs all the sealing, without 
the assistance of any anchoring member being positioned within the vessel. 

The common object of the devices and methods according to the documents listed 
above is to prevent bleeding through a puncture hole in a wall of a blood vessel. No 
measures are, however, taken to prevent or reduce the bleeding that can appear in an 
incision canal leading to the puncture hole. Consequently, there is a need in the art for 
an improved device for sealing a puncture hole in the wall of a blood vessel, the 
puncture hole being the result of a percutaneous operation that has created an incision 
canal extending from the skin of a patient to the puncture hole. 

Summary of the invention 

An object of the present invention is to provide an improved device for sealing a 
puncture hole in a wall of a blood vessel, the improvement being that the device not 
only seals the puncture hole itself, such that the primary bleeding is stopped, but also 
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prevents that a secondary bleeding appears in an incision canal leading from the skin 
of a patient to the puncture hole in the blood vessel wall. 

Generally, a sealing device according to the present invention belongs to a class of 
closure devices wherein a sealing device comprises at least one sealing element 
adapted to be positioned against a wall of a vessel to seal a puncture hole therein, and 
an elongated member, which is attached to the sealing element and which, after the 
sealing element has been positioned against the vessel wall, extends in an incision 
canal leading to the puncture hole. According to the invention, the elongated member 
includes a haemostatic material that stops or at least minimizes bleeding that occurs in 
the incision canal itself. 

In one embodiment of the invention, the elongated member is a suture or filament, 
which has been coated or otherwise provided with a haemostatic material. The 
haemostatic material can be in the form of a clotting agent, such a thrombin, which 
promotes blood clotting in the incision canal to thereby prevent so-called oozing in 
the incision canal. 

A haemostatic material in the elongated member will also be valuable in those cases 
where the sealing device does not function properly, something that may happen when 
the sealing element has not been correctly positioned against a blood vessel wall, or 
when the sealing device malfunctions for some other reason, such that blood from the 
vessel leaks into the incision canal. Another object of the present invention is 
therefore to provide a sealing device for sealing a percutaneous puncture that has 
created an incision canal extending from a patient's skin, through tissue disposed 
between the skin and a vessel, and through a wall of the vessel, comprising at least 
one sealing element adapted to be positioned against the vessel wall to thereby seal 
the puncture hole therein, and an elongated member, which is connected to the sealing 
element and which is adapted to extend in the incision canal, the elongated member 
comprising a haemostatic material that promotes the sealing of the incision canal. 

Brief description of the drawings 

Fig. 1 is a schematic illustration of a first embodiment of the present invention. 
Fig. 2 is a schematic illustration of a second embodiment of the present invention. 
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Fig. 3 is a schematic illustration of a third embodiment of the present invention. 
Fig. 4 is a schematic illustration of a fourth embodiment of the present invention. 
Fig. 5 is a schematic illustration of an elongated member according to the present 
invention. 

5 Fig. 6 is a first example of a cross-section of an elongated member according to the 
present invention. 

Fig. 7 is a second example of a cross-section of an elongated member according to the 
present invention 

Fig. 8 is a third example of a cross-section of an elongated member according to the 
10 present invention. 

Detailed description of the preferred embodiments 

As stated above, the present invention provides an improved sealing device 
comprising at least one sealing element, which is adapted to be positioned against a 

15 wall of a blood vessel to stop bleeding through a puncture hole in the blood vessel, 
and an elongated member, which is connected to the sealing element and adapted to 
be positioned in a tissue canal going through a patient's skin, through tissue 
overlaying a vessel, and through a wall of the vessel. The basic configuration of such 
a sealing device can be similar to various sealing devices known in the art, as long as 

20 the sealing device comprises at least one sealing element and an elongated member 
adapted to extend in a tissue canal. Examples of different embodiments of the present 
sealing device will be given below in conjunction with Fig. 1 to Fig. 4. According to 
the invention, the elongated member includes a haemostatic material that prevents or 
reduces secondary bleeding in or into the incision canal. Herein, the term "secondary 

25 bleeding" includes diffuse bleeding, also referred to as oozing, which does not 

emanate from a specific blood vessel as well as bleeding from smaller blood vessels 
that have been damaged during the percutaneous operation that created the incision 
canal. Furthermore, the term "secondary bleeding" is also intended to include 
bleeding from the blood vessel itself, whereby such bleeding, for example, may be the 

3 0 result of an improperly positioned sealing device. 

Fig. 1 illustrates a first embodiment of a sealing device 1 according to the present 
invention. The sealing device 1 comprises a sealing element 2 and an elongated 
member 3, which is attached to the sealing element 2. In use, the sealing element 2 is 
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positioned against an inner surface of a wall 5 of a vessel 6, while the elongated 
member 3 is positioned in an incision canal 7 extending from the vessel wall 5, 
through tissue 8 and to the skin 9 of a patient. In this embodiment, a piece of adhesive 
tape 4 has been attached to the skin 9 and to an end portion of the elongated member 3 

5 in order to hold the elongated member 3 taut, thereby holding the sealing element 2 in 
sealing engagement with the inner surface of the vessel wall 5. According to the 
invention, the elongated member 3, which can be in the form of a suture or filament, 
comprises a haemostatic material that stops secondary bleeding in the incision canal 7. 
Examples of different suitable haemostatic materials as well as examples of how such 

1 0 materials can be incorporated in an elongated member will be given below. 

In Fig. 2 a second embodiment of a sealing device 1 1 according to the invention is 
shown. The sealing device 1 1 comprises a sealing element 12, an elongated member 
13 connected to the sealing element 12, and a locking element 14. The figure 

15 illustrates that the sealing element 12 is positioned against an inner surface of a wall 
15 of a vessel 16, with the elongated member 13 being positioned in an incision canal 
17 extending from the vessel wall 15, through tissue 18 and to the skin 19 of a patient. 
A comparison between Fig. 1 and Fig 2 reveals that the adhesive tape 4 of Fig. 1 in 
the second embodiment shown Fig. 2 has been replaced with the locking element 14. 

20 The locking element 14 can slide along the elongated member 13 into contact with an 
outer surface of the wall 15 of the vessel 16, where the locking element 14 is held in . 
place by friction locking. Also in this case the sealing is accomplished from the inside 
of the vessel 16, i.e. by the sealing element 12 which is held in engagement with an 
inner surface of the vessel wall 15 by the locking element 14 and the elongated 

25 member 13. In this embodiment, the elongated member 13 is in the form of a pair of 
sutures or filaments, of which at least one comprises a suitable haemostatic material. 
Here, it should be noted that this second embodiment of a sealing device is intended 
to encompass both sealing devices wherein an outer locking element only serves to 
hold the inner sealing element in place, i.e. when the inner sealing element performs 

30 essentially all the sealing and the locking element acts as a true locking member, as 
well as sealing devices wherein the sealing is accomplished by clamping the vessel 
wall between inner and outer members. In the latter case, the term "locking element" 
should therefore not be literally interpreted. 
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A third embodiment of a sealing device 21 according to the invention is illustrated in 
Fig. 3. The sealing device 21 comprises a sealing element 22, an elongated member 
23, and an anchoring member 24 attached to the elongated member 23. In this 
embodiment, the sealing element 22 is in the form of plug 22 made from a suitable 

5 material such as collagen. In use, the plug 224s pushed into position against an outer 
surface of a wall 25 of a vessel 26, with the elongated member 23 being positioned in 
an incision canal 27 extending from the vessel wall 25, through the sealing element 22 
and through tissue 28, and to the skin 29 of a patient. As should be apparent from the 
figure, the sealing is in this case performed at the outside of the vessel 26, with the 

10 anchoring member 24 mainly acting as an anchor for the elongated member 23 to 

thereby hold the elongated member 23 and the sealing element 22 in place. Also here 
the elongated member 23, which can be in the form of a suture or a filament, 
comprises a suitable haemostatic material. Further, it should be noted that a sealing 
element, here a collagen plug 22, can be held in place by means of an elongated 

1 5 member without the sealing element being fixedly attached to the elongated member. 

Fig. 4 is a schematic illustration of a fourth embodiment of the present invention. 
Here, a sealing device 31 comprises a first sealing element 32 and an elongated 
member 33, which extends from the first sealing element 32 and through a second 

20 sealing element 34. A portion of the elongated member 33 has been provided with 
saw-teeth that fit into corresponding saw-teeth in the second sealing element 34. In 
use, the first sealing element 32 is positioned against an inner surface of a wall 35 of a 
vessel 36. Thereafter, the second sealing element 34 is pushed over the elongated 
member 33 until the vessel wall 35 is clamped between the first and second sealing 

25 elements 32, 34, which are held in place by the saw-teeth provided on the elongated 
member 33 and the second sealing element 34, respectively. In this position, a 
proximal portion of the elongated member 33 extends in an incision canal 37 leading 
from the vessel wall 35, through tissue 38 and to the skin 39 of a patient. According to 
the invention, the proximal portion of the elongated member 33 includes a 

30 haemostatic material that stops or minimizes secondary bleeding in the incision canal 
37. 

For those types of sealing devices that include a second element which is adapted to 
be positioned at an outer surface of a vessel wall, it is conceivable that also this 
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second element comprises a haemostatic material, which promotes sealing of the 
puncture hole in the vessel wall This feature has explicitly been mentioned for the 
sealing element 22 of Fig. 3, which could be made from collagen, but also the locking 
element 14 of Fig. 2 as well as the second sealing element 34 of Fig. 4 could comprise 
5 a haemostatic material, substance or agent as a complement to a haemostatic 
elongated member. 

Above, several different embodiments of those elements of a sealing device that seal a 
puncture hole in a vessel wall have been described in conjunction with Fig. 1 to Fig. 

10 4, while relatively little have been said about the elongated members which, according 
to the invention, provide the sealing of an incision canal leading to the puncture hole. 
An elongated member can be in the form one or several sutures, filaments or 
multifilaments, which have been provided with a haemostatic material. The general 
design of such an elongated member 41 is illustrated in Fig. 5. The elongated member 

15 41 comprises several threads or filaments 42, which have been joined together by 
means of a suitable technique, such as spinning, twining, braiding, etc. 

In Fig. 6 is illustrated a first example of a cross-section of an elongated member 51, in 
this case a multifilament 51. The multifilament 51 comprises several relatively thin 
20 filaments or threads 52 surrounding a haemostatic core 53. The haemostatic core 53 
contains or is made from one or several suitable haemostatic materials, examples of 
which will be given below. 

Another example of how an elongated member in the form of a multifilament can be 
25 provided with a haemostatic material is illustrated in Fig. 7. Here a multifilament 61 
comprises several filaments 62, each of which has been coated with a separate layer 
63 of a haemostatic material. 

Instead of coating each filament of a multifilament with a haemostatic material, the 
30 whole multifilament can be coated with a layer of haemostatic material. An example 
of such an embodiment is shown in Fig. 8, where a multifilament made up of several 
filaments 72 constitutes the core of an elongated member 71 that further comprises a 
coating 73 of a haemostatic material. 
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Here it should be apparent that an elongated member according to the present 
invention can assume various shapes, and the haemostatic material can be 
incorporated in a number of ways. It is, for example, conceivable that an elongated 
member is impregnated or soaked with a suitable haemostatic material, or the 
haemostatic material can be contained in a separate elongated capsule that may 
constitute the core of the elongated member. Further, the elongated member can be 
provided as a flexible stem extending from an inner (or outer) seal, and the elongated 
member can be made from any materials, such as biodegradable materials, known in 
the art, as long as such materials can be provided with a haemostatic component. 

The cross-sectional diameter of the elongated member, being a suture, filament, 
multifilamet or a flexible stem, is small in comparison to the diameter of the inner (or 
outer) sealing element 2, 12, 14, 22, 24, 32, 34 taken in the plane perpendicular to the 
drawing papers. By small is herein meant less than 25% and preferably less than 10%. 
The sealing element may have a variety of physical geometrical shapes in the plane 
perpendicular to the plane of the illustrated drawings. They could e.g. have a circular, 
elliptical or rectangular shape. Herein is meant by "diameter" the longest distance 
across the sealing element. 

One typical sealing element may have an elliptical shape with the axes 10 mm and 5 
mm and a typical diameter of an elongated member may be in the range of 0,2 - 2 
mm. If the elongated member is a suture it has a diameter of approximately 0,3 mm. 

According to the present invention, an elongated member can be provided with a 
variety of different haemostatic materials and substances. Some of these materials and 
substances performs to the haemostasis by mechanically stop bleeding into an incision 
canal, i.e. these materials swell in contact with a body fluid such that an elongated 
member being provided with such a material occupies the available space within the 
incision canal and thereby prevents blood or other fluids from entering into the 
incision canal. Other haemostatic agents promote the clotting of the blood, while still 
other haemostatic agents cause vasoconstriction. Non-limiting examples of 
haemostatic agents that can be used in an elongated member according to the 
invention are: collagen, chitin and chitosan, thrombin, gelatine, oxidized regenerated 
cellulose, aprotinin, tranexamic acid, aminocaproic acid, desmopressin, vitamin K, 
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factor Vila, factor VIII, vasopressin, and conjugated oestrogen, or combinations 
thereof. 



Although the present invention has been described with reference to specific 
embodiments, also shown in the appended drawings, it will be apparent for those 
skilled in the art that many variations and modifications can be done within the scope 
of the invention as described in the specification and defined with reference to the 
following claims. In particular, it can be noted that the present invention is applicable 
on other vessels than blood vessels, and that the invention is not limited to any special 
kind of haemostatic material, substance or agent. 



